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ERROR ANALYSES OF TYPICAL APOLLO
SPACECRAFT MANEUVERS USING THE
PGNCS AND SCS TO CONTROL THE RCS

By R. Leroy McHenry

SUMMARY

Individual error analyses data from three initial platform orien-
tations of a typical reaction control system (RCS) maneuver controlled
by the primery guidance and navigation control system (PGNCS) are
presented in this report. Also included are data for a RCS maneuver
controlled by the stabilization and control system (SCS).

Results of the PGNCS controlled maneuver indicate that the
preferred orientation is preferred over any other platform orientation.

INTRODUCTION

A guidance and navigation error analysis of typical Apcllo
command and service module (CSM) service propulsion system (SPS)
maneuvers has been documented (ref. 1). The information presented
in this document represents the results of simulating three initial
platform orientations of an RCS maneuver of the same spacecraft using
the PGNCS and an RCS maneuver using the SCS. The data in this report
is intended to supplement the data and conclusions presented in
reference 1,

The tables which appear in this report present some perturbed
parameters which result from simulating the RCS maneuvers with some
of the error sources and magnitudes specified in references 2, 3, and

L,

METHOD

As in the previous study for the SPS, both CSM control systems
were simulated for the error analyses of the RCS maneuvers. Three



horizontal in-plane 200-second RCS maneuvers were simulated under

control of the PGNCS. The three platform orientations considered
were as follows:

(a) inner gimbal angle (IGA) = 0°, middle gimbal angle (MGA) = 0°

outer gimbal angle (OGA)

0°, (preferred orientation)

(p) 1IcA

0°, MGA = 45°, 0GA = O°

(c) 1GA

45°, MGA = 0°, OGA = Q°

To achieve the desired inertial platform orientation for cases {(b) and
(c), the stable member axes were rotated from the preferred orientation
case (a), through the proper gimbal angles. Error analysis data for
the PGNCS controlled RCS maneuvers are presented in tables I through
I1T.

To obtain the data presented in this report related to SCS
capabilities and limitations, a 200-second RCS maneuver was simulated
under control of the SCS. Since the body mounted attitude gyros
(BMAG's) are rigidly fixed to the CSM body axes, only one inertial
orientation was studied. ZError analysis data for the SCS controlled
RCS maneuver are contained in table IV.

DISCUSSION OF RESULTS

In general, for in-plane horizontal spacecraft maneuvers deviations
in parameters such as flight-path angle, altitude, vehicle pitch angle,
inner gimbal angle, and radial velocity change can be associated with
accelerometer measurement errors along the yaw and roll axes and
gyro drifts about the pitch axis of the spacecraft; whereas, deviations
in other parameters such as inclination, right ascension of the
ascending node, vehicle yaw angle, middle gimbal angle, and the
cross-axis velocity that is normal to the local vertical plane can be
associated with accelerometer measurement errors along the pitch axis
and gyro drifts about the yaw axis of the vehicle. A cursory look at
all of the data presented in this report for the PGNCS-controlled
RCS maneuvers (Tables I through III) reveals that, regardless of
platform orientation, these parameters are subject to specific hardware
associated errors, even though the effect of an individual error is
influenced in some cases by a different platform orientation.

The hardware associated errors which affect the first set of
parameters (primarily, in-plane) are X- and Z-accelerometer biases,
Y-axis (pitch, in general) stable member misalignment, and Y-gyro



(pitch) bias drift. The most significant of these errors is the
X-accelerometer bias drift. The second set of parameters (primarily,
out-of-plane) are primarily affected by Y-accelerometer bias, Z-axis
(yaw) stable member misalignment, and Z-gyro (yaw) bias drift.
Similarly, the Y-accelerometer bias is the most significant hardware
error upon these parameters.

The preceding discussion more specifically illustrates an obser-
vation made in reference 2 that much similarity exists between the error
analyses of the three spacecraft maneuvers which differ only by
initial platform orientation. However, as was earlier stated, the
effect of specific errors on their associated parameters may depend
upon the platform orientation.

For instance, if the platform is oriented such that the MGA is
45°, the revised effect of the Z-accelerometer bias [table II(a)]
is to significantly increase the perturbations in the IGA and OGA.
Moreover, the broad effect of a misaligned Y-axis of the stable member
on all of the parameters is trimmed slightly [table II(c)].

It should be noted that while the effect of a bias in the Y
accelerometer [table II(a)] on inclination, right ascension of the
ascending node, vehicle yaw angle, middle gimbal angle, and out-of-plane
velocity is slightly curtailed for this case; its influence on flight-
path angle, altitude, and vehicle pitch angle is increased. Exactly
the reverse circumstances occur from an X-accelerometer bias in the
deviations in these parameters.

The explanation is quite simple if it is understood that for this
case the Y accelerometer is oriented such that it measures more of the
total horizontal velocity change. Furthermore, since they are ortho-
gonal, the X and Y accelerometers share equally the horizontal AV
measurement. Therefore, the effect of an equal bias in the X acceler-
ometer should be approximately equal in magnitude to the effect of
Y-accelerometer bias. Inspection of table II(a) reveals this to be
true.

When the platform is oriented such that the IGA is 45° a
Z-accelerometer bias is more disturbing on velocity, flight-path angle,
altitude, downrange velocity change, spacecraft weight, and burn time
and less effective on pitch angle, inner gimbal angle, and radial velocity
than in the preferred aligmment. Exactly the reverse statement can be
said of the X-accelerometer bias. Of course, this is expected since
the X and Z accelerometer are situated so that they share equally the
measurement of the total in-plane velocity change.

No gimbal lock situations were encountered in the study of the
PGNCS controlled RCS maneuvers. However, in all cases the MGA is



adversely affected by a Y-accelerometer bias and by an X-accelerometer
bias when the initial platform orientation is such that the MGA is
45° [table II(a)].

The most significant error studied for the SCS controlled RCS
maneuver was & bias in the EMS accelerometer which is mounted along
the longitudinal axis of the spacecraft. The largest dispersions
were noted in inertial velocity, flight-path angle, pitch angle,
downrange velocity, weight, and burn duration. 1In fact, the effects
of the EMS accelerometer bias are from ten to thirty times greater in
several instances than are the effects of an X-accelerometer bias
under PGNCS control.

CONCLUSIONS

As can be seen from the data presented in tables I through IIT,
recommendations for using particular platform orientations are
arbitrary.

For instance, if it is known that an X-accelerometer bias exists
an initial IGA setting of 45° would curtail some of the dispersions.
However, if other errors are present such as a Z-accelerometer bias,
the most desirable choice of platform orientation is the preferred align-
ment.
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